Abstract. -Late Triassic submarine alkali basalts and hawaiites were collected from two superimposed tectonic slices belonging to the Kara Dere -Sayrun unit of the Middle Antalya nappes, southwestern Turkey. New determinations on conodont faunas allow to date this sequence to the Lower Carnian (Julian). The volcanic rocks show rather homogeneous compositions, with high TiO 2 and relatively low MgO and Ni contents which suggest olivine fractionation. Their primitive mantle-normalised multi-elements plots show Nb and Ta enrichments relative to La, Pb negative anomalies and heavy rare earth element and Y depletions typical of intraplate ocean island basalts. These characteristics are consistent with the major and trace element compositions of their primary clinopyroxene phenocrysts, which do not show any feature ascribable to crustal contamination. The studied lavas display a restricted range of εNd (+4.6 to +5.2) which falls within the range of ocean island basalts. Their initial ( 143 Nd/ 144 Nd)i ratios are too low to be explained by a simple mixing line between depleted MORB mantle (DMM) and HIMU components. Their Pb and Nd isotopic compositions plot along a mixing line between HIMU component and an enriched mantle, the composition of which could be the result of the addition of about 5 to 8% of an EM2 component (recycled marine sediments) to DMM. The lack of evidence for any continental crustal component in their genesis could be consistent with their emplacement in an intra-oceanic setting. 
INTRODUCTION
The Neotethys opening started during either the Lower Carboniferous [Garzanti et al., 1999] or the Middle Permian [Ricou, 1994; Baud et al., 1996] . It developed north of the Indian plate during the Upper Carboniferous [Bassoullet et al., 1980a,b; Garzanti et al., 1996 Garzanti et al., , 1999 or the Upper Permian and north of the Arabian plate during the Lower Permian [Angiolini et al., 2003] or the Middle to Upper Permian [Stampfli et al., 1991; Marcoux and Baud, 1996; Baud et al., 2001] .
The Neotethyan ophiolitic suites which occur from the eastern Mediterranean (Antalya, Troodos, Hatay, Baër-Bassit; fig. 1 ) to the Persian Gulf (Samail nappes in Oman) were emplaced during the Upper Cretaceous according to the ages of their metamorphic soles [Çelik et al., 2006] , and are often tectonically connected with Permian and Triassic submarine volcanic rocks. In the eastern Mediterranean, the latter are stratigraphically associated with pelagic and/or carbonate-platform limestones dated to the Upper Triassic [Marcoux, 1970; Dumont et al., 1972; Robertson and Waldron, 1990] . The Carnian age of the opening of the Izmir-Ankara branch of the Neotethys according to radiolarian faunas [Tekin et al., 2002] sets the problem of the geodynamic setting of the Late Triassic submarine volcanism in the eastern Mediterranean, which might be rift-related, ridge-related or finally oceanic island-type as recently shown for the Mamonia Complex in Cyprus [Lapierre et al., 2007] . In this paper, we present a new set of petrologic and geochemical data on the Antalya nappes (southwestern Turkey) submarine volcanic rocks. Major, trace element and Nd, Sr, Pb isotopic data are used to characterise their magmatic affinities.
GEOLOGICAL NOTES
Belonging to the Taurus orogenic belt, the Antalya nappes are exposed west of the Antalya Gulf ( fig. 1 ). They overlie tectonically the parautochthonous Bey Daglari limestone units, which range in age from Mesozoic to Miocene. Three major sets of nappes can be distinguished ( fig. 2 ). The Lower Antalya nappe (Dereköy Unit ), mostly made up of radiolarites and subordinate calciturbidites, is tectonically overlain by the Middle Antalya nappes, which includes ophiolitic and basaltic units, and is in turn overlain by the calcareous Upper Antalya nappes including the Kemer Gorge, Bakirli Dag and Tahtali Dag units [Marcoux, 1987] .
The Middle Antalya nappes comprise three major tectonically superimposed units ( fig. 2) . The lowest one, the Alakir Çay Unit, is composed of a Late Triassic to Late Cretaceous [Marcoux 1987; Tekin et al., 2003 ] thick pelagic sedimentary sequence tectonically associated with slices of ophiolitic plutonic rocks and Late Triassic volcanics. This unit is tectonically overlain by the Ophiolitic Unit, which includes peridotites, serpentinites, layered gabbros and norites [Juteau, 1975 [Juteau, , 1980 . This latter unit displays many petrographic and geochemical similarities with the Troodos (Cyprus) ultramafic and gabbroic sequences. The two units are overlain by the Kara Dere-Sayrun Unit, made up of submarine (pillowed) basalts with intercalated pelagic Late Triassic (Carnian) limestones bearing Halobia insignis (Gemmellaro) and Trachyceras sp. ammonites [Marcoux, 1970] and a thin red pelagic limestone (Hallstatt facies) depositional cover of Upper Carnian age.
We have studied the Kara Dere-Sayrun Unit near its type locality, the Kara Dere gully. The cross-section along the dirt road from Dereköy to Saklikent allows to sample two superimposed basaltic tectonic slices ( fig. 2) , each of them ca. 400 m thick and showing a normal polarity together with a general 50 o -70 o dip towards East. The upper slice outcrops between altitudes ranging from 1920 m (top) to 1765 m (bottom), and is overlain by a klippe of Triassic Hallstatt-type limestones. It is made up of basaltic pillows, 50 cm to 3 m in diameter, with occasional pillow breccia levels and minor intercalations of pelagic Halobia-bearing limestones. The lower tectonic slice, which outcrops between altitudes of 1870 m (top) and 1590 m (bottom), is characterised by much larger pillows, some of which reach unusual diameters (5 to 20 m), and display well-preserved radial columnar jointing and thick glassy margins. Up to 15 m thick columnar-jointed lava flows are common in the lower part of this slice. This unit, which also contains intercalated pillow breccias usually associated with pelagic limestone beds, tectonically overlies a serpentinite body.
New determinations on conodont faunas allow us to precise the age of the Antalya submarine volcanism. 
ANALYTICAL METHODS
Major elements in minerals were analysed with a Cameca SX50 microprobe using a 15kV acceleration voltage and different regulated beam currents, according to the mineral type (10 nA for plagioclase, and 20 nA for olivine, pyroxenes and oxides). The calibration was made on specific natural mineral standards for each type of minerals. Trace element measurements on minerals were made at Lausanne by laser-ablation ICP-MS mass spectrometry using an Ar-F 193 nm Lambda Physics © Excimer laser coupled with a Perkin-Elmer 6100DRC ICPMS. NIST 610 and 612 glasses were used as external standards, Ca and Si as internal standards after microprobe measurements on the pit sites. Ablation pit size varied from 40 to 60 µm. BCR2 basaltic glass was regularly used as a monitor to check the system for reproducibility and accuracy. Results were within ± 10% of the certified values.
All the samples were pulverised in an agate mill. Major and trace element analyses were done on whole rocks by ICP -optical emission spectroscopy (ICP-AES) at Brest, using the procedures of Cotten et al. [1995] . Incompatible trace elements, including rare earth elements (REE), of selected samples were also analysed by ICP-MS at Grenoble, after acid dissolution of 100 mg sample, using the procedures of Barrat et al. [1996] . Standards used for the analyses were JB2, WSE, Bir-1 and JR1. Analytical errors are 1-3% for major elements and less than 3% for trace elements.
Sr (static acquisition) and Nd (dynamic acquisition) isotopic ratios of selected samples were measured at Toulouse on a Finnigan MAT261 multicollector mass spectrometer using the analytical procedures described by Lapierre et al. [1997] For lead separation, sample weights were calculated to obtain approximately 200 ng of lead. The samples were leached with 6N HCl for 30 minutes at 65 o C before acid digestion. Pb blanks were less than 40 pg and were negligible for the present analyses. Lead isotope were analysed on a VG Plasma 54 multi-collector inductively coupled plasma-mass spectrometer (MC-ICP-MS) at Lyon. Lead isotope compositions were measured using the Tl normalisation method described by White et al. [2000] . During Pb isotope analyses, samples were bracketed between NIST 981 standards and calculated with respect to the value reported for this standard by Todt et al. [1996] . This technique yielded internal precision of ca. 50 ppm (2σ and an external reproducibility of ca. 150 ppm (2σ) for 206 Pb/ 204 Pb ratios determined on 20 NIST standards.
PETROLOGIC, MINERALOGICAL AND GEOCHEMICAL DATA

Rock selection and alteration problems
Twenty three samples were selected for the petrological and geochemical investigations. In situ (laser ablation) plagioclase and clinopyroxene trace element analyses were performed on four petrographically fresh rocks (AY04, AY08, AY20, AY21, tables I and II). ICP-MS analyses were performed on 9 samples, and isotopic analyses on 8 (Nd), 7 (Pb) and 6 (Sr) samples, respectively (table III) .
The high levels of the loss on ignition (LOI) are related to the abundant calcite-or zeolite-filled vesicles. Their contents in large ion lithophile elements (LILE) known to be sensitive to alteration and metamorphism may have been modified during the low-grade metamorphism which affected the Antalya volcanic rocks [Juteau, 1975] . Especially, their concentrations in Rb, Ba, K and Sr may not be representative of the primary compositions of these lavas, although most of them do not depart from the "fresh basalt" range (table III) . In addition, incompatible elements less soluble or insoluble in hydrous fluids [McCulloch and Gamble, 1991; Kogiso et al., 1997] 
Petrographic types
Three main types can be recognised based on the texture and mineralogy: (i) intersertal basalts (AY02-04, AY02-21), (ii) clinopyroxene-phyric basalts (AY02-08), and (iii) highly porphyritic plagioclase-phyric basalts (AY02-20). Intersertal basalts ( fig. 3a ) are made of plagioclase laths (40 modal%), prismatic clinopyroxene grains (30%), and dendritic and acicular oxides (10%) embedded into a glassy groundmass (20%). Plagioclase is replaced by sericite + albite while the glass is altered to smectites. Clinopyroxene is systematically preserved and its pinkish color is related to its high Ti content. The groundmass includes also secondary quartz + smectites-filled vesicles. Intersertal basalts (AY02-21) may also display abundant calcite + zeolites-filled vesicles.
Clinopyroxene-phyric basalts (e.g. AY02-08, fig. 3b and plagioclase phenocrysts (10 modal%), and calcite-filled vesicles (20%) set into an abundant groundmass (70%). The latter is formed of quenched plagioclase laths, tiny clinopyroxene grains, dendritic Fe-Ti oxides and interstitial secondary quartz. Olivine is replaced by calcite and includes octahedral brown Cr-spinels, and plagioclase is altered to sericite + albite while clinopyroxene remains fresh. Highly phyric basalts (e.g. AY02-20) are rich in centimetre-sized plagioclase phenocrysts partially or totally altered into albite + calcite + smectite. Less common clinopyroxene phenocrysts are zoned with pink cores and reddish rims. Their groundmass show an intersertal texture with plagioclase laths, pink clinopyroxene grains, and octahedral Fe-Ti oxides surrounded by zeolites and smectites.
Mineral chemistry
Plagioclase and clinopyroxene major and trace element analyses are given in tables I and II, respectively. Plagioclases (AY02-08, AY020, table I) and clinopyroxenes (AY02-04, AY02-08, AY02-20, AY02-21, table II) show homogeneous bytownite and diopside compositions, respectively. Chondrite-normalised REE patterns of plagioclases (AY02-08, AY02-20, fig. 4 ) are characterised by La and Ce enrichments relative to Nd, Sm and heavier REE (Gd, Tb, Dy), and by marked Eu positive anomalies (4.9< Eu/Eu*< 9.6). In Leterrier et al.'s [1982] diagrams, clinopyroxenes plot within the alkalic field whatever the sample ( fig. 5 ). They are Cr-poor and Ti-rich, and generally display an enrichment in Fe, Ti and Al from core to rim, correlated with a decrease of Si and Mg (table II and fig. 5 ). Moreover, differences can be observed between individual samples. AY02-20 clinopyroxene cores show the highest MgO and the lowest Al 2 O 3 and TiO 2 contents, while AY02-04 cores display the lowest MgO and correlatively the highest TiO 2 contents. Figure 6 illustrates the clinopyroxene trace element compositions and their variations between individual samples and from core to rim within a single grain. The clinopyroxene cores exhibit hump-shaped REE patterns, characterised by relative depletions in light (L) and heavy (H) REE with respect to middle (M) REE. In addition, some rim patterns (AY02-08, AY02-20) display marked Eu negative anomalies (0.76 < Eu/Eu* < 0.92). Geochemical variations are observed between cores and rims and are characterised by an increase of the REE levels (AY02-8, AY02-20) or by a LREE enrichment with respect to the HREE (AY02-04, AY02-21). The multi-element plots of the clinopyroxenes are characterised by very low LILE contents, negative anomalies in Pb and Sr, and a more or less marked depletion in HREE. An incompatible trace element enrichment (Th, U, Nb, Ta) is generally observed from clinopyroxene cores to rims in these diagrams. This feature is particularly obvious for the AY02-04, AY02-20 and AY02-21 clinopyroxenes.
Whole rock geochemistry
The Late Triassic volcanic rocks from the Antalya Nappes show rather homogeneous major and compatible element compositions, characterised by high TiO 2 (2.7 to 4.2 wt%, table III) and relatively low MgO and Ni contents which suggest olivine fractionation. SiO 2 does not exceed 50% while Fe 2 O 3 is not lower than 10%. In usual classification and discrimination diagrams (not shown), they range from alkali basalts to trachybasalts or hawaiites (table III) . Their high Cr and V contents are linked to the abundance of clinopyroxene and Fe-Ti oxides.
All the analysed samples are LREE-enriched (12.3 < (La/Yb) CN < 18.3) and yield enriched REE patterns ( fig. 7 ) typical of ocean island basalts (OIB). Some of these patterns show slight Eu negative anomalies (0.92 < Eu/Eu* < 0.98, with the exception of sample AY02-07) suggesting plagioclase early removal. The corresponding multi-elements plots ( fig. 7 ) are characterised by a relative Nb and Ta enrichment relative to La, the occurrence of Pb and Sr negative anomalies, and relative depletion in HREE and Y. The Sr negative anomalies indicate plagioclase removal, while the Pb negative anomalies, the enrichment in incompatible elements culminating at the level of Nb and Ta and the depletion in HREE are typical features of OIB. Ti negative or positive anomalies might indicate removal or accumulation of Ti-rich oxides.
The Late Triassic alkaline volcanics display a restricted range of εNdi (+4.6 to +5.2; fig. 7) is also consistent with fractional crystallisation processes. In the Th, La, Nb, Y versus La/Yb correlation diagrams ( fig. 9 ), the samples display loose positive trends, a feature suggesting the occurrence of small but significant variations of partial melting degrees, assuming a homogeneous mantle source. In short, the Late Triassic magmas, although rather homogeneous in composition (alkali basalts and hawaiites), probably derived from somewhat variable partial melting degrees of an enriched mantle source, and experienced slight to moderate crystal fractionation during their ascent, as commonly observed in intraplate alkali basalt series.
Interpretation of core-to-rim variations in clinopyroxene phenocrysts
Clinopyroxenes show important differences in their major and trace element chemistry between phenocryst cores and rims or between crystals of various sizes or from different samples (table II and fig. 6 ). The main differences consist of an enrichment in TiO 2 and Al 2 O 3 (and sometimes in FeO and Na 2 O) correlated with a depletion in MgO, from phenocryst cores to rims and from phenocrysts to microphenocrysts, or even from AY02-21 to AY02-04 clinopyroxenes. The decrease of MgO from AY02-21 to AY02-04 clinopyroxene cores probably reflects crystal fractionation because MgO and Zr contents of AY02-21 clinopyroxenes are higher than those of AY02-04 (table II) . Similarly, the increase of the REE and other incompatible trace elements from cores to corresponding rims in AY02-08 and AY02-20 clinopyroxenes ( fig. 6 ) can be explained by crystal fractionation. The composition of the interstitial liquid in which AY02-08 and AY02-20 clinopyroxenes grew derived from the parental magma after crystal fractionation of olivine followed by plagioclase. Indeed, AY02-08 and AY02-20 clinopyroxene rim patterns show negative Eu anomalies that are weaker in the cores, and which likely reflect the concomitant crystallisation of plagioclase characterised by positive Eu spikes ( fig. 4) . The important enrichment in the most incompatible elements (Rb, La, Ce, Th, Nb and Ta) of AY02-04 and AY02-21 clinopyroxenes from core to rim ( fig. 6 and table II) suggests that their growth took place in a liquid highly enriched in incompatible elements, compared to the parental magma or even to the AY02-08 and AY02-20 interstitial liquid. The AY02-04 and AY02-21 clinopyroxene cores crystallised while plagioclase fractionation had begun or even ended because both core and rim REE patterns are characterised by more or less marked Eu negative anomalies. This important enrichment in incompatible elements of the AY02-04 and AY02-21 clinopyroxene rims can be explained by quench processes. Indeed, when the alkali basalt magmas erupted, olivine, Fe-Ti oxides, clinopyroxene, and plagioclase had already crystallised and the residual melt in which these phenocrysts or microcrysts were included was enriched in incompatible elements. When the hot pillow basalts poured out in the water, clinopyroxene rims, microcrysts and microlites crystallised very quickly at the expense of the residual liquid enriched in incompatible elements. The core-to-rim enrichment in Na 2 O of AY02-04 and AY02-21 clinopyroxenes (table II) is consistent with this interpretation. Such differences in incompatible elements contents between clinopyroxene cores and rims have been described in lunar quenched basalts and ascribed to the interplay among the efficiency of the cristallisation process, the kinetics at the crystal melt interface, the kinetics of plagioclase nucleation and the characteristics of the crystal chemical substitutions within both the pyroxene and the GEOROC [http://georoc.mpch-mainz.gwdg.de/georoc/] . Les réservoirs DMM, HIMU, EM1, EM2 sont reportés d'après Zindler et Hart [1986] .
plagioclase [Shearer et al., 1989] . They cannot therefore be taken as evidence for crustal contamination of the basaltic magma during its cooling.
Nd, Sr and Pb isotopic compositions: evidence for an enriched OIB mantle source
The fig. 8D ), all the Triassic basalts plot within a triangle having as summits the DMM, HIMU and EM2 end-members. This feature suggests that the enriched mantle source of the Triassic basalts could derive from the mixing of these three end-members. Figures 10A and B illustrate a model accounting for the variations of the Nd and Pb initial isotopic ratios of the studied basalts. The ( 143 Nd/ 144 Nd)i ratios of the Antalya alkaline suite are too low to be explained by a simple mixing line between the DMM and HIMU components (mixing line A, fig. 10A ). The Pb and Nd compositions of these volcanics plot closer to the mixing lines C and C' drawn between HIMU component and an enriched mantle. The composition of this enriched mantle could be the result of the addition of 5 to 8% of an EM2 component to a DMM source (mixing line B). This enriched mantle is indicated in figure 10A by two distinct open boxes corresponding, respectively, to a mixing of DMM + 5% EM2 and DMM + 8% EM2. In the ( 207 Pb/ 204 Pb)i versus ( 206 Pb/ 204 Pb)i diagram, the Antalya alkaline volcanics plot along the mixing line (A) between DMM and HIMU fields, with the exception of sample AY02-20. The latter plots along the mixing line C, involving a DMM source contaminated by an EM2 component. Consequently, we may assume that three components contributed to the genesis of the Antalya volcanic suite: (i) a depleted source mantle (DMM) contaminated by (ii) small amounts of recycled EM2 sediments, and (iii) a HIMU enriched source. The isotope geochemistry of the studied intraplate volcanics can therefore be accounted for by their derivation from mantle components ( with a local contribution of pelagic sediments for AY02-20), and there is no need to envision the contribution of continental crust to their genesis. Similar conclusions have been reached by Lapierre et al. [2007] for the Late Triassic Mamonia Complex in SW Cyprus, which differs mostly from the Antalya sequence by the additional occurrence of alkali basalt-related trachytes, and of tholeiites deriving from larger degrees of partial melting of OIB-type mantle.
Incidences on the geodynamic significance of the Antalya Nappes intraplate volcanism
According to tectonic models [Ricou, 1994; Stampfli and Borel, 2002] , the Neotethys opening took mostly place during the Middle to Upper Permian, north of the Arabian and Indian plates. The Neotethys opening was accompanied by a northeast drift of several continental blocks, referred to as the Cimmerian Continent [Sengör, 1984] , and by the emplacement of intraplate volcanics [Maury et al., 2003; Lapierre et al., 2004] in the basins developed along the southern Neotethyan margin. Seafloor spreading was probably active concomitantly, because of the quick motion of the Cimmerian blocks [Besse et al., 1998 ] and the continuous subduction of the Palaeotethys. However, remnants of the Late Triassic Neotethyan oceanic crust have never been described until now, possibly because they were entirely subducted beneath the European and Asian plates.
The petrologic, mineralogical and geochemical features of the Late Triassic intraplate alkali basalts exposed in the Antalya Nappes do not suggest that the basement of the basin in which these basalts emplaced was floored by continental crust. The absence of any continental crustal component in the genesis of the Antalya basalts, unlike in those from younger rift-related environments [Chazot and Bertrand, 1993; Baker et al., 1996] or from some of the Middle Permian basins in which the Hawasina Nappes materials were deposited [Lapierre et al., 2004] , combined with the pelagic and carbonate-platform types of sedimentation associated with the Antalya basalts, allow to envision their emplacement in an intra-oceanic (plume-related) setting. This OIB volcanism was widespread during the Upper Triassic all along the southern Tethyan margin, from the Himalayas [Bassoullet et al., 1980a, b; Corfield et al., 1999] to Oman [Béchennec et al., 1989 [Béchennec et al., , 1991 Pillevuit et al., 1997] and the Eastern Mediterranean, in Cyprus [Malpas et al., 1993; Lapierre et al., 2007] , the Baër-Bassit in Syria [Delaune-Mayère, 1984; Al-Riyami and Robertson, 2002] and Antalya.
CONCLUSIONS
The studied submarine alkali basalts and hawaiites, unequivocally dated to Carnian (Julian) by the conodont faunas of the associated sediments, display petrographic, mineralogical and geochemical features typical of intraplate alkalic ocean island basalts (OIB). Their primary Nd, Pb isotopic composition is consistent with their derivation from a mantle source resulting from a mixing between mantle components: a HIMU end-member and another enriched mantle component, resulting from the addition of 5 to 8% of an EM2 end-member (recycled marine sediments) to depleted MORB mantle (DMM).
These isotopic data, as well as the incompatible element compositions of whole rocks and of their preserved clinopyroxene phenocrysts, do not evidence any contribution of continental crust to the genesis of Antalya alkali basalts and hawaiites.
Therefore, the emplacement of these lavas may have occurred in an intra-oceanic (plume-related) setting, such as in the neighbouring island of Cyprus [Lapierre et al., 2007] .
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